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(57) ABSTRACT 

A phase 0,1, . . . , 0Q1, . . . uniquely determined for each 

channel is assigned to a carrier for each channel used When 
data I1 . . . , Q1, . . . , to be distributed among different 

channels are modulated. By appropriately modifying the 
phase of a carrier for each channel, signal points can be 
located in a narroWer region than in a conventional region, 
and thereby the difference in amplitude betWeen a signal 
point With a minimum amplitude and a signal point With a 
maximum amplitude can be reduced. Thus, the amplitude 
range of a signal to be covered by an ampli?er for trans 
mitting a transmission signal is reduced, and thereby an 
ampli?er With a linearity that is not high can be used for the 
ampli?er. Accordingly, even if the number of signal points 
increase, there is no need to use a large high-power 
ampli?er, and thereby the small poWer and small siZe of the 
apparatus can be realized. 

8 Claims, 11 Drawing Sheets 
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CODE-DIVISION MULTIPLEX 
COMMUNICATION TRANSMITTING 

APPARATUS AND RECEIVING APPARATUS 
AND METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to code-division multiplex 

communications. 
2. Description of the Related Art 
FIG. 1 shoWs the con?guration of the spreading unit of a 

conventional code-division multiplex communications sys 
tem. 

Data series Datall, Datalz, . . . DataQl, DataQ2, . . . , 

(although four data series ranging from data series I1 to data 
series Q2 are shoWn in FIG. 1, there is no limitation to the 
number of data series) are modulated/transmitted after being 
spread using the respective spreading code, and subse 
quently are IQ-scrambled using a scrambling code (the I 
signal and Q signal are scrambled using a scrambling code). 

Speci?cally, data series I1 (Datall) is spread by multiply 
ing it by a spreading code I1 in a multiplier 900-1. In the 
same Way, data series I2 (Data ,2) is spread using a spreading 
code I2 in a multiplier 900-2. The data series I1 and I2 
spread using different spreading codes are added in an adder 
901-1, and are inputted to a multiplier 902-1 and a multi?er 
902-2, respectively. 

Data Q1 and Q2 (DataQ1 and DataQ2) are multiplied by 
spreading codes Q1 and Q2, respectively, in multipliers 
900-3 and 900-4, respectively, and are added in an adder 
901-2. Then, the output of the adder 901-2 is inputted to 
multipliers 902-3 and 902-4. Then, in multipliers 902-1 and 
902-2, the output signal is multiplied by scrambling codes c I 
and cQ. In the same Way, in multipliers 903-3 and 903-4, the 
output signal of the adder 901-2 is multiplied by scrambling 
codes c, and cQ. The outputs of both multipliers 902-1 and 
902-3 are inputted to an adder 903-1, and are added. The 
outputs of the multipliers 902-2 and 902-4 are inputted to an 
adder 903-2, and are added. Then, the output of the adder 
903-1 is inputted to a QPSK modulator 904 as an I signal, 
and the output of the adder 903-2 is inputted to the QPSK 
modulator 904 as a Q signal. 

A scrambling code is used for identifying each channel, 
and data I1 through Q2 are transmitted on different channels. 
Furthermore, a scrambling code is uniquely assigned to a 
user, and signals spread by the same scrambling code are 
outputted from one user terminal. 

Since data series I1 through Q2 are put on different 
channels, they are multiplied by different codes I1 through 
Q2, respectively. HoWever, if these data series are brought 
together and are transmitted from one user as one originating 
signal, for example, I1 and Q1, I2 and Q2 are separated into 
tWo different sets of data consisting of an I signal and a Q 
signal transmitted from the user, and simultaneously, scram 
bling codes of c, and cQ are prepared. The multiplication by 
a scrambling code of a signal spread by a spreading code is 
performed by a circuit performing an operation similar to the 
multiplication of a complex number When both the scram 
bling code and the spread signal are treated as complex 
signals. 

Speci?cally, assuming that data series I1 (D11) and data 
series Q1 (DQl), and data series I2 (D12) and data series Q2 
(DQ2) are each part of a pair of complex number data, the 
circuit is con?gured so as to perform the folloWing calcu 
lation. 
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Wherein j is the imaginary unit, and S11, S12, SQ1 and SQ2 are 
spreading codes for I1, I2, Q1 and Q2, respectively. The data 
series are modulated by a QPSK modulator 904 treating the 
real element and imaginary element of a complex number 
expressed by equation (1) as an I signal and a Q signal, 
respectively. Since as shoWn in equation (1), the sign of the 
second term of the I signal is negative, as shoWn in FIG. 1, 
the sign of signals outputted from a multiplier 902-3 are 
inverted and inputted to an adder 903-1. 

Although in FIG. 1 the number of channels used by one 
user is four, the number of elements is not limited to this 
number, alloWing an arbitrary number of channels can be 
assigned to one user. In this case, too, a pair of the tWo data 
series signals of each channel are handled as a complex 
number, and the circuit is con?gured in such a Way that the 
result of multiplication by a scrambling code, Which is also 
handled as a complex number, may be the same as the result 
of multiplication betWeen complex numbers as in equation 
(1). 

FIG. 2 shoWs the con?guration of a conventional receiver 
for receiving signals transmitted in the conventional code 
division multiplex communications system shoWn in FIG. 1. 
On a receiving side, a received signal is multiplied by the 

complex conjugate of a scrambling code used on a trans 
mitting side, the multiplied signal is despread using a 
spreading code, thereby obtaining the original data. In the 
example shoWn in FIG. 1, data series D,1 and DQ1 are 
handled as information series to be transmitted and a pilot 
symbol for estimating the parameter of a propagation path, 
respectively. For DQl, a data series knoWn in advance on the 
receiving side is used. The reception signal (signal despread 
using a spreading code SQl) of a pilot symbol is divided by 
this DQl, thereby obtaining the estimation value 0t of the 
parameter of a propagation path. 

Speci?cally, a signal received by an antenna 1000 is 
multiplied by the complex conjugate of a scrambling code 
used on the transmitting side in a multiplier 1004. To 
multiply a signal by the complex conjugate of a scrambling 
code means to multiply a signal regarding tWo elements of 
the scrambling code, c, and cQ, as the real and imaginary 
elements of one complex signal When a received signal is 
treated as a complex signal consisting of an I signal and a Q 
signal. Although the details of a circuit for performing the 
multiplication is not shoWn in FIG. 2, the fact that the 
conventional con?guration of a digital signal process circuit 
can be utiliZed Will be easily understandable to a person 
having an ordinary skill in the art. Asymbol of (t-t) attached 
to the complex conjugate c,—jcQ of a scrambling code in 
FIG. 2 indicates that proper synchronous catching and 
synchronous holding are performed, and the received signal 
and the complex conjugate of a scrambling code are multi 
plied While being synchroniZed. '5 indicates a delay in phase. 
If (t-t) is attached to the symbol, etc., of a scrambling code 
or a spreading code like this, it means that synchroniZation 
is performed along With the multiplication of a code by Way 
of a proper timing adjustment. 

After the received signal is multiplied by the complex 
conjugate of a scrambling code in the multiplier 1004 and 
scrambling of it is cancelled, the cancelled signal is 
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branched and is multiplied by a spreading code I1 in a 
multiplier 1005-1. Thus data I1 are demodulated. In a 
multiplier 1005-2, the received signal is multiplied by a 
spreading code Q1, thus data Q1 are demodulated. It is 
assumed here that data Q1 are pilot signals (pilot symbols). 
Apilot signal is a signal knoWn on the receiving side Which 
is predetermined in a system. The demodulated pilot signal 
is inputted to a divider 1007, and is divided by the symbol 
DQ1 of a predetermined pilot signal prior to transmission. By 
such a process, a value indicating the degree of ?uctuation 
against its original signal due to fading of a received pilot 
signal, speci?cally both the degree of ?uctuation of its 
amplitude and the degree of rotation of its phase, is calcu 
lated. The operation result is treated as the estimated value 
0t of a channel estimation, and its complex conjugate is 
inputted to a multiplier 1006. The demodulated data signal 
D,1 is also inputted to the multiplier 1006, and the phase 
rotation caused in a transmission line is compensated for by 
multiplying D ,1 by the complex conjugate of the estimation 
value 0t. In this Way, phase rotation is compensated for, and 
simultaneously a data signal D,1 With an amplitude value 
that ?uctuates according to the amplitude ?uctuation ratio of 
the pilot signal is inputted to a RAKE combiner 10002, and 
is combined With the signal of another path inputted from a 
despreading unit 1001-2 having the same con?guration as a 
despreading unit 1001-1. The RAKE-combined signal is 
inputted to a signal decision unit 1003, and its signal value 
is determined in such a form Where a noise, etc., is elimi 
nated. 

Although for RAKE-reception, only tWo of the despread 
ing units for multi-path reception are described in FIG. 2, 
there is also a con?guration such that more despreading 
units are provided, thereby alloWing more multi-paths to be 
received. 

FIG. 3 shoWs the amplitude-phase diagram (constellation) 
of a signal transmitted in the conventional code-division 
multiplex communications system shoWn in FIG. 1. In this 
example, data series Datall, Datalz, DataQ1 and DataQ2 have 
the same amplitude of :1. Since in this case, a transmission 
signal is obtained by multiplexing the four data series, the 
signal has an amplitude of 2\/—2 at one instant, an amplitude 
of 2 at another instant and no amplitude at another instant. 
If a signal With a large maximum-to-minimum ratio or a 
signal With a large maximum amplitude compared With 
average poWer, is ampli?ed by an ampli?er, a high linearity 
is required for the input/output characteristic of an ampli?er. 
Generally speaking, an ampli?er With a highly linear input/ 
output characteristic has loW ef?ciency, a signalling system 
in Which the ?uctuation of an amplitude is small and a ratio 
of the maximum amplitude to average poWer is small, is 
desirable from the vieWpoints of both poWer ef?ciency and 
heat generation. 

SUMMARY OF THE INVENTION 

An objective of the present invention is to provide a signal 
generation apparatus and a method thereof for reducing the 
amplitude ?uctuation of a transmission signal in a code 
division multiplex communications system. 
A transmitting apparatus in the ?rst aspect of the present 

invention used in a code-division multiplex communications 
system Where a plurality of data series are spread/despread 
using a plurality of spreading codes and are transmitted/ 
received, comprises a spreading unit spreading a plurality of 
data series using a different spreading code for each data 
series, a scrambling unit scrambling the plurality of spread 
signals obtained by the spreading unit using a scrambling 
code uniquely assigned to each user and a modulation unit 
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4 
modulating the output of the scrambling unit With a different 
phase for each data series. 
A transmitting apparatus in the second aspect of the 

present invention used in a code-division multiplex com 
munications system Where a plurality of data series are 
spread/despread using a plurality of spreading codes and are 
transmitted/received, comprises a spreading unit spreading a 
plurality of data series using a different spreading code for 
each data series and a modulation unit modulating the 
plurality of spread signals obtained by the spreading unit 
With a carrier With a phase that is individually assigned to 
each data series. 

A transmitting apparatus in the third aspect of the present 
invention used in a code-division multiplex communications 
system Where a plurality of data series are spread/despread 
using a plurality of spreading codes and are transmitted/ 
received, comprises a spreading unit spreading a plurality of 
data series using a different spreading code for each data 
series, a phase modulation unit individually modulating the 
phases of the plurality of spread signals obtained by the 
spreading unit for each data series, a signal combination unit 
combining signals of each data series outputted from the 
phase modulation unit, a scrambling unit scrambling the 
combined signal outputted by the signal combination unit 
using a scrambling code uniquely assigned to each user and 
a modulation unit modulating the signal outputted by the 
scrambling unit With a carrier of a prescribed frequency. 

A transmitting apparatus in the fourth aspect of the 
present invention used in a code-division multiplex com 
munications system Where a plurality of data series are 
spread/despread using a plurality of spreading codes and are 
transmitted/received, comprises a spreading unit spreading a 
plurality of data series using a different spreading code for 
each data series, a phase modulation unit individually modu 
lating the phases of the plurality of spread signals obtained 
by the spreading unit for each data series, a signal combi 
nation unit combining signals of each data series outputted 
from the phase modulation unit and a modulation unit 
modulating the signal outputted by the scrambling unit With 
a carrier of a prescribed frequency. 

A receiving apparatus in the ?rst aspect of the present 
invention used in a code-division multiplex communications 
system Where a plurality of data series are spread/despread 
using a plurality of spreading codes and are transmitted/ 
received, comprises a reverse scrambling unit reversely 
scrambling the scrambled signal by a scrambling code of a 
received signal, a despreading unit despreading the signal 
obtained by the reverse scrambling unit, a pilot signal 
extraction unit extracting a pilot signals from the output 
signal of the despreading unit, a channel estimation unit 
calculating a channel estimation value from the pilot signal, 
a phase difference information storage unit storing informa 
tion about the phase difference of the data signals outputted 
from the despreading unit, a channel estimation value cor 
rection unit correcting the phase of the channel estimation 
value based on the phase difference information, a compen 
sation unit compensating for the phase of the data signal 
based on the channel estimation value corrected by the 
channel estimation value correction unit and a decision unit 
determining the signal value of the received data signal 
based on a signal generated by the compensation unit. 
A receiving apparatus in the second aspect of the present 

invention used in a code-division multiplex communications 
system Where a plurality of data series are spread/despread 
using a plurality of spreading codes and are transmitted/ 
received, comprises a despreading unit despreading received 
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signals, a pilot signal extraction unit extracting a pilot 
signals from the output signal of the despreading unit, a 
channel estimation unit calculating a channel estimation 
value from the pilot signal, a phase difference information 
storage unit storing information about the channel phase 
difference of the data signal outputted by the despreading 
unit and a decision unit determining the signal value of the 
data signal based on the result obtained by processing the 
data signal using both the channel estimation value and the 
phase difference information. 

According to the present invention, since the phase of a 
carrier for modulating each data series is individually set for 
each data series and is transmitted, the combined modulation 
signal of each data series is distributed to and located in a 
narroW region compared With the conventional one if the 
signal is plotted on an I-Q plane. Therefore, if this location 
is optimiZed by appropriately adjusting the phase, the dif 
ference in amplitude betWeen a signal representing the 
maximum amplitude and a signal representing the minimum 
amplitude of the signals located on the I-Q plane can be 
reduced, and simultaneously, the maximum amplitude can 
also be reduced compared With the conventional one. 
Therefore, the linearity of an ampli?cation characteristic 
required by a poWer ampli?er usually installed in a trans 
mitter and used to amplify the output poWer of a transmis 
sion signal can be relaxed. Accordingly, a small-siZe ampli 
?er With small output poWer can be used, Which greatly 
contributes to both the loW poWer and small siZe of the 
apparatus. 

Since the phase of a carrier for each channel is predeter 
mined in a system and information about the phase differ 
ence betWeen a carrier for a channel for transmitting a pilot 
symbol and a carrier for a channel for transmitting each data 
series is stored, the compensation of a phase rotation due to 
fading of a receiving data signal by Way of channel estima 
tion performed during data reproduction can be performed 
normally on the receiving side. Therefore, even if the phase 
of a carrier for each channel is individually set, data can be 
received normally. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the con?guration of the spreading unit of a 
conventional code-division multiplex communications sys 
tem. 

FIG. 2 shoWs the con?guration of a conventional receiver. 

FIG. 3 shoWs the amplitude-phase diagram (constellation) 
of a signal transmitted in a conventional code-division 
multiplex communications system. 

FIG. 4 shoWs the con?guration of one preferred embodi 
ment of the transmitter of the present invention. 

FIG. 5 shoWs the con?guration of one preferred embodi 
ment of the receiver of the present invention. 

FIG. 6 shoWs an example of the amplitude-phase diagram 
(constellation) of a signal transmitted in the code-division 
multiplex communications system of the present invention. 

FIG. 7 shoWs the con?guration of another preferred 
embodiment of the transmitter of the present invention. 

FIG. 8 shoWs the con?guration of another preferred 
embodiment of the transmitter of the present invention. 

FIG. 9 shoWs the con?guration in the case Where the 
number of data series to be multiplexed increases in the 
preferred embodiment shoWn in FIG. 8. 

FIG. 10 shoWs the con?guration of the preferred embodi 
ment of a receiver in the case Where a time-division multi 
plex pilot symbol is used. 
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6 
FIG. 11 shoWs the con?guration of the preferred embodi 

ment of a receiver in the case Where pilot signals are 
transmitted on a channel different from a channel for data 
signals. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 4 shoWs the con?guration of one preferred embodi 
ment of the transmitter of the present invention. 

After being spread-modulated and IQ-scrambled, data 
series are modulated by orthogonal modulators With carrier 
phases that are 6,1, 6,2, . . . , 6Q1, GQZ, . . . .Although carrier 

phases 6,1, 6,2, . . . , 6Q1, GQZ, . . . , can be arbitrarily 

determined, in the preferred embodiment shoWn in FIG. 4, 
in particular, 6,1, 6,2, . . . , 6Q1, GQZ, . . . , correspond to 

spreading codes S11, S12, . . . , SQl, SQ2, . . . , respectively. 

Data 11 are multiplied by a spreading code 11 in a 
multiplier 1-11. In the same Way, data 12, . . . , dataQl and 

dataQ2, . . . , are multiplied by spreading codes 12, . . . , Q1, 

Q2, . . . , in multipliers 1-12, . . . , l-Ql, 1-Q2, . . . , 

respectively. Each of dataIl, I2, . . . , Q1, Q2, . . . , indicates 

the data of a different channel. Then, each of data 11, I2, . . . , 

Q1, Q2, . . . , spread by spreading codes is branched into tWo 
groups, Which are multiplied by scrambling codes c I and cQ, 
respectively, in multipliers 2-I1I, 2-I1Q, 2-I2I, 2-I2Q, . . . , 

2-Q1I, 2-Q1Q, 2-Q2I, 2-Q2Q, . . . , respectively. Then, the 
output of the multipliers 2-111 and 2-I1Q, the output of the 
multipliers 2-I2I and 2-I2Q, . . . , the output of the multipliers 

2-Q1I and 2-Q1Q, the output of the multipliers 2-Q2I and 
2-Q2Q and so forth, are phase-modulated by QPSK modu 
lators 3-11, 3-12, . . . , 3-O1, 3-O2, . . . , respectively. At this 

time, a carrier With a different phase is inputted to the QPSK 
modulators 3-11, 3-12, . . . , 3-Q1, 3-Q2, . . . , and each data 

series is modulated With the corresponding carrier. The 
signals modulated by modulators With different phases are 
summed up by an adder 4, and are transmitted from an 
antenna 5. 

In this preferred embodiment, the circuit is con?gured in 
such a Way that a transmission signal is generated by the 
folloWing operation of complex numbers. 

Wherein exp (juut) indicates the carrier of anguler frequency 
00. 

FIG. 5 shoWs the con?guration of one preferred embodi 
ment of the receiver of the present invention, and it shoWs 
a circuit for demodulating the modulated signals of data 
series D11, DQ1 transmitted from the transmitter shoWn in 
FIG. 4. 

In this preferred embodiment, the channel estimation 
value of a propagation path is corrected using the phase 
difference (in the example of FIG. 5, 6 ,1—6Q1) of each 
spreading code. If 6,1, 6,2, . . . , 6Q1, GQZ, . . . are assigned 

in such a Way that the phase difference betWeen a plurality 
of spreading code channels transmitted to the same station 
may become 0, the correction of 6 ,1—6Q1 is not required. The 
value of a phase term to be corrected by a spreading code is 
set corresponding to a spreading code to be used, and it can 
be set as a knoWn value on the receiving side. 

The phase of the carrier of a signal transmitted by the 
transmitter shoWn in FIG. 4 is uniquely determined by Way 
of a channel determined by a spreading code. A receiver 
receives signals With an antenna 10, the received signal is 
converted from an RF band signal to a baseband signal by 
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a baseband signal demodulation circuit, Which is not shown 
in FIG. 5, and the converted signal is inputted to despreading 
units 11-1 and 11-2 shoWn in FIG. 5. The despreading units 
11-1 and 11-2 are provided to RAKE-receive signals. The 
baseband signal is inputted to a multiplier 13, and in the 
multiplier 13, the signal is synchronized With and multiplied 
by the complex conjugate of a scrambling code (c,—jcQ(t—"c)) 
predetermined for each user. Thus, the scrambling is can 
celled and the output signal of the multiplier 13 becomes a 
signal spread only by a spreading code. Then, in order to 
extract the signals of data series Dlland DQl, the output 
signal of the multiplier 13 is multiplied by spreading codes 
I1 and Q1 at an appropriate timing in multipliers 14-1 and 
14-2, respectively. The data series signal obtained by the 
despreading using the spreading code I1 is extracted as a 
data signal and is inputted to a multiplier 16. The data series 
signal obtained by the despreading using the spreading code 
Q1, in FIG. 5, is extracted as a pilot signal, and is inputted 
to a divider 15. In the divider 15, the received pilot signal is 
divided by a knoWn pilot symbol DQl, and the division result 
is acquired as a channel estimation value 0t, Which is an 
index for indicating the degree of ?uctuation of a pilot 
symbol DQ1 in a propagation path. Then, the channel esti 
mation value 0t is inputted to a multiplier 17, and in the 
multiplier 17, the phase difference (an-6Q, betWeen the 
carrier of a channel for the spreading code I1 and the carrier 
of a channel for the spreading code Q1 is added to the phase 
using the value of exp(j(6,1—6Q1)) stored in a phase differ 
ence storage unit 20. After the phase difference supplied to 
the carrier of a channel for the spreading code Q1 is 
corrected against the carrier of a channel for the spreading 
code I1 supplied on the transmitting side in this Way, the 
complex conjugate of the phase-corrected channel estima 
tion value 0t is inputted to a multiplier 16, and in the 
multiplier 16, the data signal outputted from the multiplier 
14-1 is multiplied by the complex conjugate. The phase 
rotation caused in a transmission line of the data signal is 
compensated for by multiplying the data signal by the 
phase-corrected channel estimation value 0t supplied at the 
time of transmission, and the data signal is inputted to a 
RAKE combination unit 18. The RAKE combination unit 18 
RAKE-combines signals received from a plurality of 
despreading units 11-1 and 11-2 (not limited to tWo) and 
outputs the combined signal to a signal decision unit 19. The 
signal decision unit 19 determines a data signal value based 
on the inputted signal With a noise that is suppressed. 

The carriers of signals transmitted according to the pre 
ferred embodiment shoWn in FIG. 4 have different phases 
for each channel (spreading code). Therefore, on the receiv 
ing side, after signals of each channel are converted to 
baseband signals, ?rst, the phase difference existing betWeen 
a pilot signal and data signal of each channel must be 
cancelled, and then the phase ?uctuation of the data signal 
occurring in the transmission line must be compensated for. 
Since the relationship betWeen each channel (spreading 
code) and a phase value provided to its carrier is 
predetermined, the phase difference betWeen the data signal 
obtained by the despreading unit 11-1 and a pilot signal 
obtained by the despreading unit 11-2 can be obtained in 
advance on the receiving side. By storing this phase differ 
ence in a phase difference storage unit 20 consisting of a 
memory, etc., and correcting the phase of a channel estima 
tion value 0t obtained by the divider 15 using the stored 
value, the desired channel estimation value 0t can ?nally be 
obtained. 

FIG. 6 shoWs an example of the amplitude-phase diagram 
(constellation) of a signal transmitted in the code-division 
multiplex communications system of the present invention. 
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This example shoWs a case Where four spreading codes 

S11, SQl, S,2 and SQ2 are assigned to one user and phase 
differences are set to satisfy 6,1=6Q1=0 degrees and 6,2= 
6Q2=45 degrees. In thg case, a signal point has tWo ampli 
tudes: one is \/(1+\/ 2) and the other is \/(\/2—1). Its 
average poWer is the same as the average poWer described 
in the prior art. As shoWn in FIG. 6, a signal With an 
amplitude ?uctuation that is small and With a maximum 
amplitude that is small compared With the conventional 
system, can be obtained. Such a signal relaxes the require 
ment of the linearity of an ampli?er, and it thereby contrib 
utes to the improvement of the poWer ef?ciency and min 
iaturiZation of the apparatus. 

In FIG. 6, the intersection point of dotted lines is one of 
the signal points With amplitude 1, obtained by QPSK 
modulation in a reference phase in the case GI1=GQ1=O 
degrees. Signal points obtained by adding 4 kinds of signal 
points With amplitude 1, Which are placed on the I axis and 
Q axis and are obtained by QPSK modulation With 6,2= 
6Q2=45 degrees, are indicated by black points. The signal 
decision unit 19 of the receiver shoWn in FIG. 5 determines 
16 signals shoWn in FIG. 6. Thus, the position of signal 
points on the I-Q plane of a QPSK modulation can be 
modi?ed by differentiating betWeen the phases of carriers 
for the channels. Therefore, by individually and properly 
modifying the phase of a carrier for each channel in such a 
Way that signal points can be appropriately located on the 
I-Q plane, both the maximum instantaneous value and the 
amplitude ?uctuation of a transmission signal can be sup 
pressed to a loW level, and thereby a poWer ampli?er can be 
miniaturiZed, thereby preventing the Waste of poWer due to 
the use of a large high-powered power ampli?er. 

In FIG. 6, a case Where the number of data series to be 
multiplexed is four of I1, Q1, I2 and Q2, is described. 

If the number of data series to be multiplexed is tWo or 
more and if there are the same phases or phases With values 
that are close to phases 6,1, 6,2, . . . , ?Ql, GQZ, . . . , the 

amplitude of a signal obtained by combining signals modu 
lated With these phases becomes large. Therefore, by dis 
tributing the phases 6,1, 6,2, . . . , ?Ql, GQZ, . . . , at equal 

intervals, the maximum amplitude of a transmission signal 
can be suppressed to a loW level. If n pieces of data series 
are multiplexed and if 6,1, 6,2, . . . , 6,” and ?Ql, GQZ, . . . 

, 6Q” are assumed to be 0, J's/2n, 2J'c/2n, 3J'c/2n, . . . , 

(I1—1)J'l§/2Il, the maximum amplitude of the transmission 
signal can be suppressed to a minimum level. HoWever, it is 
not limited to this phase assignment, and even if tWo kinds 
of phases of 0 and 45 degrees, or three kinds of phases of 0, 
30 and 60 degrees are used for reasons relating to a 
modulator, the maximum amplitude of a transmitter can be 
suppressed to a loW level compared With the conventional 
method in Which all data series are modulated With the same 
phase. 

FIG. 7 shoWs the con?guration of another preferred 
embodiment of the transmitter of the present invention. 
As shoWn in FIG. 7, if after data series I1, I2, Q1 and Q2 

have been spread-modulated With corresponding spreading 
codes S11, S12, SQ1 and SQ2, phases 6,1, 6,2, . . . , ?Ql, GQZ, 

. , are added to the phases of signals obtained by the 
spread-modulation, the number of orthogonal modulators 
can be reduced. 

In FIG. 7, in order to simplify the description, a trans 
mitter for transmitting four channels of data I1 to Q2 is 
exempli?ed. Data I1 to data Q2 are multiplied by and spread 
using spreading codes I1 to Q2 in multipliers 30-1 to 30-4. 
Then, the data I1 to Q2 spread using and modulated With the 
spreading codes become spread signals, and are branched 
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into tWo groups and individually pre-assigned phases are 
added to those phases by multipliers 31-1 to 31-8. Then, the 
signals spread With these supplied phases are added in 
adders 32-1 and 32-2, multiplied by scrambling codes c I and 
cQ multipliers 33-1 to 33-4, respectively, and then are added 
in adders 34-1 and 34-2, respectively. Then, the addition 
result of the adders 34-1 and 34-2 are inputted to a QPSK 
modulator 35 as I and Q signals, respectively. The QPSK 
modulator 35 QPSK-modulates the inputted I and Q signals 
and outputs the signals to a poWer ampli?er, Which is not 
shoWn in FIG. 7. 

The circuit shoWn in FIG. 7 is con?gured so as to realiZe 
the folloWing complex operation. Provided, hoWever, that in 
equation (2), j, S,1 to SQ2 and exp (juut) are the imaginary 
unit, spreading codes and the complex function expression 
of a carrier (expression by Euler’s formula), respectively. 

FIG. 8 shoWs the con?guration of another preferred 
embodiment of the transmitter of the present invention. 

In this preferred embodiment, GI1=GQ1=O degrees and 
6,2=6Q2=6 must be satis?ed. The con?guration shoWn in 
FIG. 8 is for a case Where a phase supplied to data I1 and Q1 
is 0 degree and the value of a phase provided to data I2 and 
Q2 is 6. In this Way, by dividing data into tWo series like this, 
products are obtained by multiplying and combining data 
signals D,1 and DQ1 by spreading codes S,1 and SQ1, The 
tWo combination are treated as tWo complex numbers 
DI1SI1+jDQ1SQ1 and D,2S,2+jDQ2SQ2, and these complex 
numbers are multiplied by scrambling codes (c,+j cQ), Which 
are also complex numbers, and the data are modi?ed by 
QPSK modulators 40-1 and 40-2 in such a Way that the 
phases of the carriers of the tWo series may differ from each 
other. The phase of the carrier of the QPSK modulator 40-1 
is 0 degrees, and the value of the phase of the carrier of the 
QPSK modulator 40-1 is 6. According to such a 
con?guration, the number of QPSK modulators can be 
reduced to tWo, Which is half of the number in the preferred 
embodiment shoWn in FIG. 4. The modulated signals out 
putted from the QPSK modulators 40-1 and 40-2 are added 
in an adder 41, and are outputted as radio Waves from an 
antenna 42 through the poWer ampli?er, Which is not shoWn 
in FIG. 8. 

FIG. 9 shoWs the con?guration in the case Where the 
number of data series to be multiplexed increases in the 
preferred embodiment shoWn in FIG. 8. 

According to the con?guration shoWn in FIG. 9, When the 
number of data series to be multiplexed increases, the 
number of both the orthogonal modulators and phase mul 
tipliers may be less than the number in the preferred embodi 
ment shoWn in FIG. 1. 

In FIG. 9, data series are classi?ed into tWo groups: one 
group in Which the phase of its carrier is 0 degrees and the 
other group in Which the value of the phase of its carrier is 
6. After being summed up in advance in an adder 43-1, the 
data series group in Which the phase of its carrier is 0 
degrees, is scramble-modulated and QPSK-modulated in a 
multiplier 44-1 and a QPSK modulator 45-1, respectively, in 
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10 
the same Way as in the preferred embodiment shoWn in FIG. 
5 and is inputted to an adder 44. After being summed up in 
advance in an adder 43-2, the data series group in Which the 
value of the phase of its carrier is 0, is scramble-modulated 
and QPSK-modulated in a multiplier 44-2 and a QPSK 
modulator 45-2, respectively, in the same Way as in the 
preferred embodiment shoWn in FIG. 5 and is inputted to an 
adder 46. The adder 46 adds modulated signals inputted 
from the QPSK modulators 45-1 and 45-2, and outputs the 
addition result to a poWer ampli?er, Which is not shoWn in 
FIG. 9. 

FIG. 10 shoWs the con?guration of the preferred embodi 
ment of a receiver in the case Where a time-division multi 
plex pilot symbol is used. 

In a system Where pilot signals (pilot symbols) are spread 
using the same spreading codes as data series signals and are 
multiplexed by Way of time-division together With data 
signals, the pilot signal part must be extracted from received 
signals by detecting frame-synchronization With the 
received signals. 

In FIG. 10, after being converted from RF band signals to 
baseband signals, signals received by an antenna 50 are 
inputted to a multiplier 51, Which is not shoWn in FIG. 10. 
In the multiplier 51, the received pilot signal is multiplied by 
a scrambling code (c,—jcQ(t—"c)) at the timing of detection 
(scrambling cancellation). Then, in a multiplier 52, the 
multiplication result of the multiplier 51 is multiplied by a 
spreading code S,1(t—'c) (reverse spreading), and the pilot 
signal is restored to the original state. After being tempo 
rarily stored in a data memory 53, the restored pilot signal 
is read by a pilot extraction unit. After that, in the multipliers 
51 and 52, both the scrambling cancellation and despreading 
of received data series are performed, and restored data 
series signals are stored in a data memory 53 in the same 
Way. The pilot extraction unit 54 extracts the time-division 
multiplexed pilot from the data memory 53 based on a 
synchronous signal inputted from a pilot timing synchroni 
Zation unit 58. Then, the pilot extraction unit 58 reads data 
signals other than the pilot signals from the data memory 53, 
and the data signals are outputted to a multiplier 57 Without 
modi?cation. The pilot extraction unit 54 outputs the 
extracted pilot signal to a divider 55. The divider 55 divides 
the pilot signal by a predetermined pilot symbol D,1 to 
obtain a channel estimation value 0t. Then, the channel 
estimation value 0t is inputted to a complex conjugation unit 
56, and the complex conjugate of 0t is calculated in the 
complex conjugation unit 56. The complex conjugate of 0t is 
inputted to a multiplier 57. In the multiplier 57, by multi 
plying the data series signal by the complex conjugate of ot, 
the phase rotation due to fading of the data series signal is 
compensated for, and the phase-compensated data series 
signal is inputted to a RAKE combination unit 59. The 
signal, Which is RAKE-combined in the RAKE combination 
unit 59, is inputted to a signal decision unit 60, and a signal 
value determined in the signal decision unit 60 is outputted. 
The pilot timing synchroniZation unit 58 detects the input 
timing of the pilot signals by counting using a built-in 
counter each time a signal value is inputted from the signal 
decision unit 60. Then, When the input timing of the pilot 
signal is detected, the pilot timing synchroniZation unit 58 
outputs a synchronous signal to the pilot extraction unit 54, 
and enables the pilot extraction unit 54 to extract the pilot 
signal. In the case of a time-division multiplex pilot symbol 
system, a pilot symbol (pilot signal) is periodically trans 
mitted from the transmitting side. Therefore, the number of 
data series signals betWeen pilot symbols becomes a ?xed 
value speci?ed in the system. 



US 6,853,631 B1 
11 

In the case of FIG. 10, since a data series signal and a pilot 
signal are transmitted on the same carrier, there is no phase 
difference in a carrier betWeen the data series signal and pilot 
signal. Accordingly, there is no need to correct the phase of 
a channel estimation value 0t. 

FIG. 11 shoWs the con?guration of the preferred embodi 
ment of a receiver in the case of a code multiplex pilot 
symbol system Where a pilot signal is transmitted on a 
channel different from a channel for a data signal. 

In the case of a code multiplex pilot symbol system Where 
a pilot signal (pilot symbol) is spread using a spreading code 
different from a data series and is transmitted, if the phase of 
a carrier for modulating a pilot symbol and the phase of a 
carrier for modulating an information data series are made 
the identical for the same receiving station, a receiver With 
the same con?guration as the conventional one (FIG. 10) can 
be used. 

In the example con?gurations of the preferred 
embodiments, the phase of a carrier is matched With a 
spreading code. For example, the phase of a carrier for 
modulating information data series D,1 and the phase of a 
carrier for modulating information data series D ,2 are 
assumed to be 0 and 45 degrees, respectively. And, data 
series DQ1 is used as a pilot symbol, and the phase of a 
carrier for modulating this data series is also assumed to be 
45 degrees. 

With signals transmitted from such a system, if their 
spreading codes are knoWn, the phase difference betWeen 
their carriers corresponding to the spreading codes becomes 
knoWn. As described above, since the phase difference 
betWeen a carrier for modulating information data series D ,1 
and a carrier for modulating data series DQ1 is —45 degrees, 
and the phase difference betWeen a carrier for modulating 
information data series D ,2 and a carrier for modulating data 
series DQ1 is 0 degrees, as shoWn in FIG. 11, if phase 
compensation is performed using a estimation value 0t, 
Which is the estimation result of the ?uctuation parameter of 
a transmission line, With a phase that is rotated by —45 
degrees for the demodulation of the information data series 
D11, and the estimation value 0t Without phase rotation for 
the demodulation of the information data series D ,2 is set, 
the information data series D ,1 and D ,2 can be demodulated. 

After being converted to a base band signal, a signal 
received by an antenna 70 is multiplied by scrambling codes 
(c,+j cQ) at an appropriate timing in a multiplier 71. Then, the 
signal With scrambling that is cancelled by multiplication 
(scrambling-cancelled signals) is branched and inputted to 
multipliers 72 and 73. In the multiplier 72, the scrambling 
cancelled signal is multiplied by a spreading code I1, and as 
a result, data I1 is extracted. In the multiplier 73, the 
scrambling-cancelled signal is multiplied by a spreading 
code I2, and as a result, data I2 is extracted. In a multiplier 
74, the scrambling-cancelled signal is multiplied by a 
spreading code Q1, and as a result, a pilot signal is extracted. 
The pilot signal is inputted to a divider 75, and in the divider 
75, the pilot signal is divided by a knoWn pilot symbol DQl, 
and a channel estimation value 0t, Which is the divided value, 
is obtained. 

The complex conjugate of the channel estimation value 0t 
generated by the complex conjugation unit 75, Which is not 
shoWn in FIG. 11, is inputted to multipliers 78 and 79. The 
multipliers 78 and 79 multiply the complex conjugate by the 
phase difference correction value exp ,2—6Q1)) betWeen 
a carrier for a pilot signal (pilot symbol) and a carrier for 
information data and information data series D,1 and the 
phase difference correction value exp ,1—6Q1)) stored in 
phase difference storage units 82-1 and 82-2, respectively. 
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As a result, the phases of the complex conjugates of the 
channel estimation value 0t are rotated by (BIZ-6m) and 
(6 ,1—6Q1) in multipliers 78 and 79, respectively. 

In this Way, the complex conjugates of the channel 
estimation value 0t With a phase difference betWeen a carrier 
for information data series D,1 and D,2 and a carrier for a 
pilot signal (pilot symbol) provided on the transmitting side 
that is corrected, are outputted from the multipliers 79 and 
78, and are inputted to multipliers 76 and 77. The data I1 and 
I2 are multiplied by the phase-corrected complex conjugates 
of the channel estimation value 0t in the multipliers 76 and 
77, respectively, and their phase rotation due to fading are 
compensated for and are inputted to RAKE combination 
units 80-1 and 80-2, respectively. The data I1 and I2 
RAKE-combined in the RAKE combination units 80-1 and 
80-2 are inputted to signal decision units 81-1 and 81-2, 
respectively, and their signals are determined in the signal 
decision units 81-1 and 81-2, respectively, and the data are 
outputted as decided signal values D ,1 and D12. 

In this Way, the phase of a carrier is individually prede 
termined for each data series, data for correcting the phase 
difference betWeen the phase of a carrier for information 
data series D ,1 and D ,2 and the phase of a carrier for a pilot 
signal (pilot symbol), Which is data knoWn on the receiving 
side, based on the phase information, are stored in the phase 
difference storage units 82-1 and 82-2, respectively, and the 
phase rotation due to the fading of received signals of 
information data series D ,1 and D ,2 are compensated for. By 
correcting the phase of the complex conjugate of a channel 
estimation value obtained from a received pilot signal using 
the phase difference correction data, if necessary, and using 
the corrected complex conjugate of the channel estimation 
value, the information data series D ,1 and D ,2 can be 
correctly received. 

Although all the preferred embodiments described above 
are systems for scrambling data using a scrambling code and 
transmitting them, the present invention is not limited to 
this, and the present invention can also be applied to a 
code-division multiplex communications system in Which 
scrambling using a scrambling code is omitted. 

Although in the above-described preferred embodiments, 
componens, such as an ampli?er installed in an actual circuit 
are not shoWn in the draWings, the components required in 
an actual circuit Will be easily anticipated by a person having 
an ordinary skill in the art. 

Since according to the present invention, both the ampli 
tude ?uctuation and the maximum amplitude value of a 
transmission signal can be suppressed, the present invention 
can contribute to the ef?cient operation of an ampli?er. 
Since a loW-poWer small ampli?er can be used for an 
ampli?er for transmitting transmission signals, the minia 
turiZation of the apparatus can also be realiZed. 
What is claimed is: 
1. A receiving apparatus used in code-division multiplex 

communications Where a plurality of data series are 
despread using a plurality of spreading codes and are 
received, Wherein the plurality of data series are classi?ed 
into tWo groups, and a phase of a carrier modulating one 
group of data series and a phase of a carrier modulating the 
other group of data series are set to 0 degrees and a 
prescribed phase value other than 0, respectively, compris 
ing: 

a despreading unit despreading received signals; 
a pilot signal extraction unit extracting a pilot signal from 

an output signal of the despreading unit; 
a channel estimation unit calculating a channel estimation 

value based on the pilot signal; 
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a phase difference information storage unit storing infor 
mation about a phase difference between a carrier for 
information about the pilot signal and a carrier for 
information about the pilot signal and a carrier for a 
data signal outputted from the despreading unit in the 
channel estimation value; and 

a decision unit deciding a signal value of the data signal 
based on a process result of the data signal using both 
the channel estimation value and the phase difference 
information. 

2. The receiving apparatus according to claim 1, Wherein 
said decision unit judges signals obtained by RAKE 
combining the signals after phase compensation. 

3. The receiving apparatus according to claim 1, Wherein 
the pilot signal is multiplexed by Way of time-division 
together With the data signal 

4. The receiving apparatus according to claim 1, Wherein 
the pilot signal is code-multiplexed together With the data 
signal. 

5. A receiving method used in code-division multiplex 
communications Where a plurality of data series are 
despread using a plurality of spreading codes and are 
received, Wherein the plurality of data series are divided into 
tWo groups, and a phase of a carrier modulating one group 
of data series and a phase of a carrier modulating the other 
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group of data series are set to 0 degrees and a prescribed 
phase other than 0, respectively, comprising the steps of: 

(a) despreading received signals; 
(b) extracting a pilot signal from signals outputted in step 

(i); 
(c) calculating a channel estimation value based on the 

pilot signal; 
(1) storing information about a phase difference betWeen 

a carrier for information about the pilot signal and a 
carrier for a data signal outputted in step in the 
channel estimation value; and 

(m) judging a signal value of the data signal based on a 
process result of the data signal using both the channel 
estimation value and the phase difference information. 

6. The receiving method according to claim 5, Wherein 
steps (h) and judge signals obtained RAKE-combining 
the signals after phase compensation. 

7. The receiving method according to claim 5, Wherein the 
pilot signal is multiplexed by Way of time-division together 
With the data signal. 

8. The receiving apparatus according to claim 5, Wherein 
the pilot signal is code-multiplexed together With the data 
signal. 


